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Disseminations of galena and sphalerite occur in the 
basal sandstone of the Helena Formation, Belt Supergroup 
near Wood creek, northwestern Montana. The basal 
sandstone is 1.5 to 2 meters thick and comprised of 
moderately to well-sorted, rounded, coarse-grained quartz. 
The coarse-grained sandstone is stratigraphieally encased 
in fine-grained sedimentary rocks. Siltstones and shales 
of the Spokane and Empire formations occur 
stratigraphically below the sandstone. calcareous 
siltstones, shales and dolomite beds of the Helena 
Formation overlie the sandstone.
The basal sandstone of the Helena Formation was 
deposited as a nearshore sand along the eastern margin of 
the proterozoic Belt Basin. The presence of moderately to 
well sorted grains, oolites, low-angle bidirectional 
cross-stratification, intraclast-lag conglomerate and 
oscillation ripple marks in the sandstone indicate wave 
agitated sedimentation. Lithofacies in the Empire,
Spokane, and Helena formations indicate deposition in a 
shallow water, tectonically stable environment.
Mineralization of the sandstone consists of sphalerite, 
galena and pyrite. Sulfides occur primarily as 
interstitial growths between corroded quartz grains.
Galena and sphalerite replace carbonate cement, pyrite, 
and quartz grains in the sandstone. Megascopically, the 
sulfides occur as spots distributed throughout the 
sandstone.
Timing of mineralization can only be constrained to 
postdating partial quartz and carbonate cementation of the 
sand and predating Late cretaceous to Early Tertiary 
faulting. Mineralization was controlled by permeability, 
probably of secondary origin, and the presence of reduced 
sulfur in the sandstone. The data best support the concept 
of metal-bearing groundwater migrating from basement highs 
into the sandstone where sulfide precipitation occurred.
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INTRODUCTION
Madge and others (1968) described disseminated galena, 
sphalerite and pyrite in a sandstone outcropping near 
Benchmark Airfield, Lewis and Clark County, Montana. The 
occurrence is located approximately 120 km. northeast of 
Missoula, Montana (Figure 1.). The mineralized sandstone 
is 1,5 to 2 meters thick and stratigraphically located at 
the base of the Helena Formation of the Belt Supergroup. 
Outcrops of the mineralized sandstone occur in the lower 
part of the Eldorado thrust sheet along Wood creek and a 
portion of the south fork of the Sun River (Plate 1.). 
Texturally, the mineralized sandstone at Wood Creek 
resembles ore rocks from the Laisvall sandstone-hosted 
lead-zinc deposit, Sweden described by Rickard and others 
( 1979) .
Aside from the report by Mudge and others (1968) and a 
brief mention of the Wood Creek prospect in a mineral 
resource report (Mudge and others, 1974) no other work is 
published on the mineralization. McGill and Sommers 
(1967), Eby (1977) and Mudge (1972) have described 
portions of the stratigraphy of the Eldorado thrust sheet 
in the Wood Creek area. parts of the geology in the Wood 
Creek area have been mapped by Mudge (1966) and Mudge and 
others (1974). Mudge (1972a) described the structural 
geology of a portion of the area.
The purpose of my studies at Wood Creek were two fold:
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Figure 1. Location and regional geology of the Wood 
Creek study area, Lewis and Clark County, Montana. 
Modified from Harrison, 1972.
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1.) interpret the sedimentary depositional environment of 
the mineralized sandstone, and 2.) determine the controls 
and genesis of the lead and zinc mineralization. Mudge 
and others (1968) hypothesized the lead-zinc 
mineralization at Wood creek was related to inferred 
plutons at depth and thrust faults in the area. Mudge 
concluded that the lead-zinc mineralization is Early 
Tertiary in age. Evidence presented in this paper shows 
the mineralization at Wood Creek is older than Early 
Tertiary. The lead-zinc mineralization is possibly the 
product of metals transported in groundwaters from 
basement highs east of the Belt Basin and precipitated 
within the permeable sandstone in a reducing environment 
during the Precambrian.
GENERAL GEOLOGY
The geology of the Wood Creek area consists of faulted 
and folded Precambrian, paleozoic and Mesozoic sedimentary 
rocks and a thin Precambrian diorite sill (Plate 1.), The 
study area lies within the structurally complex Montana 
Disturbed Belt (Figure 1.). Mudge (1972a) infers the 
inflection of Precambrian basement rocks from the craton 
into the Proterozoic Belt Basin controls the position of 
the eastern edge of the disturbed belt. East of the Wood 
Creek area the precambrian basement rocks are structurally 
high in the Sweetgrass Arch (Mudge and others, 1983). The 
main structure in the study area is the Eldorado thrust 
fault which places Precambrian rocks over Paleozoic and 
Mesozoic strata. The Eldorado thrust is the eastern most 
thrust of the Disturbed Belt that brings Belt rocks to the 
surface. Thrust faulting is Late Cretaceous to Eocene in 
age (Mudge, 1972a).
The precambrian sedimentary rocks in the Wood Creek 
area are part of the Belt Supergroup. These sedimentary 
rocks were deposited during the Middle Proterozoic in the 
Belt Basin of western Montana, northern Idaho, and eastern 
Washington (Harrison, 1972). Belt sedimentary rocks in 
the map area are uncleaved and metamorphosed to the lower 
greenschist facies. In the vicinity of the diorite sill 
sedimentary rocks are metamorphosed to a hornfels.
Younger aged rocks in the Wood Creek area include marine
10
11
limestone of Mississippian age and Cretaceous alluvial 
deposits. Glacial deposits of the Quaternary Pindale 
glaciation period are common through out the Wood Creek 
area (Mudge, 1966).
STRATIGRAPHY AND SEDIMENTATION 
The geology and stratigraphy of the Wood Creek area are 
shown on Plate 1. The stratigraphy of the area is 
summarized on Figure 2. The oldest sedimentary rocks in 
the Wood Creek area are the red and green siltstones and 
shales of the Spokane and Empire formations. These 
formations are overlain by the Helena Formation. At the 
base of the Helena Formation is a thin sandstone unit 
which contains disseminations of galena and sphalerite.
Stratigraphically above the Helena Formation are 
siltstones and fine grained sandstones of the Snowslip 
Formation. The Snowslip Formation is intruded by a 90 
meter thick precambrian diorite sill. Calcareous silt­
stones of the Shepard Formation are the youngest Belt 
sedimentary rocks mapped in the Wood creek area.
The Belt rocks are thrust over Mississippian limestone 
of the Madison Group and cretaceous sandstone and mudstone 
of the Kootenai Formation.
EMPIRE AND SPOKANE FORMATIONS
The Empire and Spokane formations are poorly exposed in 
the Wood creek area. The best exposures are in active 
stream cuts (Plate 1.). Both formations are lithologi- 
cally similar. Whipple (1980) distinguished the two 
formations from each other on the basis of color. The 
Empire is green-grey ; the Spokane Formation is pale red- 
maroon. The red color of the Spokane is due to the presence
12
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Figure 2. Generalized stratigraphy of the Wood 
Creek area, Montana.
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of oxidized iron in hematite. The green color of the 
Empire is due to the presence of reduced iron in chlorite. 
Reducing conditions may have been produced by the decay of 
organic material in the sediments (Whipple, 1980).
Between the two formations is what Whipple termed the 
"transition zone", a zone of alternating red and green 
sediments. Whipple included the transition zone in the 
upper part of the Spokane Formation. Using the color 
criteria, the Empire Formation in the Wood Creek area is 
less than 7 meters thick. For mapping purposes the Empire 
and Spokane formations were grouped together (Plate 1.).
SPOKANE FORMATION
The Spokane Formation is up to 500 meters thick in the 
Wood Creek area. The Spokane Formation is cut by the 
Eldorado thrust fault; the base of the formation is not 
exposed. The Spokane Formation consists of pale red 
siltstones with thin beds of felspathic sandstone and 
minor shale. Siltstones are thin bedded to laminated and 
occasionally interbedded with laminated shale. Minor 
portions of the formation contain evenly bedded silt to 
clay couplets. Sedimentary structures include ripple 
laminations and wavy bedding. Load structures are present 
in the shales at the base of some sandstone beds. 
Desiccation cracks and mudchip breccias in the fine­
grained sediments indicate deposition in a shallow water 
environment that was occasionally subaerially exposed.
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The thickness and character of the transition zone in the 
Wood Creek area is undetermined due to poor exposure of 
this part of the section.
EMPIRE FORMATION
The Empire Formation in the Wood Creek area ranges from 
3 meters thick along Wood Creek to 5 meters thick in Deer 
Creek (Plate 1.). Everywhere in the map area the top of 
the Empire Formation is over lain by the coarse-grained 
basal sandstone of the Helena Formation.
The Empire Formation consists of green to dark grey 
siltstones with minor shale, dolomite and very fine­
grained quartz sandstone. The formation becomes 
progressively more calcareous up section. Where carbonate 
is abundant the rocks weather to a buff brown color.
Finely laminated siltstones and shales and lenticular silt 
to clay couplets occur in all sections of the Empire 
Formation. Sedimentary structures include ripple 
laminations and, less commonly, synerysis cracks. Pyrite 
is a minor but ubiquitous mineral in the Empire Formation.
Locally, along Wood Creek, thin beds of dark grey to 
black shale occur in the upper 2 meters of the Empire 
Formation. These dark shale beds are discontinuous 
laterally and not present in all sections of the Empire 
Formation within the study area.
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HELENA FORMATION
The Helena Formation is about 260 meters thick and the 
best exposed formation in the study area. The Helena 
Formation consists largely of dolomite, dolomitic 
siltstones and shales, and dolomitic limestone. The base 
of the Helena Formation is marked by a thin unit of 
coarse-grained quartz arenite which contains 
disseminations of sphalerite, galena and pyrite.
Basal Sandstone
The stratigraphy of the mineralized basal sandstone of 
the Helena Formation is shown on Plate 2. On fresh 
surfaces the sandstone is grey to white. Weathered 
surfaces are buff-brown and often coated with dull white 
calcite. The sandstone varies in thickness from 1.5 to 2 
meters. Green to dark grey dolomitic shale interbeds are 
common in the sandstone. The shale interbeds become 
thicker and comprise more of the sandstone section toward 
the northwest part of the map area (plates 1 and 2.).
Near Benchmark Airfield, the sandstone consists of 98% 
quartz and 2% feldspar, chert, glauconite, and oolite 
grains combined. Laterally, the feldspar content of the 
sandstone increases to 3-4% toward the northwest part of 
the map area.
Texturally the sandstone is coarse grained and contains 
moderately to well sorted, rounded quartz grains. In thin 
section some quartz grains exhibit semicomposite to
17
composite extinction suggesting a metamorphic source 
terrane. Sedimentary structures in the sandstone include 
low angle bi-directional planar cross-beds, horizontal 
bedding and large symmetrical ripples with a 15 centimeter 
wave length.
The lower contact of the sandstone is characterized by 
a 15 to 20 centimeter thick silty dolomite which contains 
20 to 25% matrix-supported quartz grains.
Recrystallization of dolomite as a druse around quartz 
grains is common in this part of the section. Many quartz 
grains in the dolomite are partially embayed to nearly 
totally replaced by dolomite. Within the sandstone, 
intraclasts of dolomite and dolomitic shale are often 
incorporated in the sandstone as 2 to 3 centimeter thick 
intraclast-lag conglomerates. The lag conglomerates 
generally occur at the base of individual sandstone beds 
(Plate 2.). The upper contact of the sandstone is 
characterized by a zone, less than 25 centimeters thick, 
of sandstone and dolomite intraclasts in a dolomite 
matrix.
Pétrographie study of the basal sandstone revealed a 
complex diagenetic history. At least two episodes of 
cementation were identified. First, cementation by quartz 
is indicated by well preserved euhedral quartz overgrowths 
in portions of the sandstone (Figure 3.). The euhedral 
form of the overgrowths indicates open space filling by
18
the quartz cement. Overall the sandstone was only 
partially cemented by quartz. However, small portions, 
such as shown in Figure 4a, were completely cemented by 
quartz.
Secondly, the sandstone has been cemented by calcite 
and dolomite (Figure 4b.), Calcite and dolomite were 
distinguished from each other by staining thin sections 
and hand samples with Alizarin Red S (Reid, 1969). Where 
dolomite cement dominates, quartz grains are often 
slightly embayed by the dolomite and euhedral quartz 
overgrowths are rarely preserved. Where the dominant 
cement is calcite, the quartz grains are virtually 
unetched and euhedral quartz overgrowths, where present, 
are well preserved. In the Deer Creek section (Plate 2.) 
the upper 0.5 meter of sandstone contains ankerite cement 
in addition to calcite and dolomite.
The timing of formation of the carbonate cements in 
relation to each other is unknown. An attempt to better 
define the cementation events in the sandstone with the 
use of cathodoluminescence was unsuccessful. Carbonates 
in the sandstone did not luminesce; probably due to the 
presence of iron which suppresses luminescence (Pierson, 
1981).
Other diagenetic modifications in the sandstone 
occurred in addition to cementation of the sand.
Formation of diagenetic pyrite is indicated by the
19
Figure 3. photomicrograph of euhedral quartz overgrowths. 
Remaining pore spaces are filled with calcite. Crossed 
nicols. Horizontal field of view approximately 1.3 mm.
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Figure 4a. Photomicrograph of a portion of the sandstone 
dominantly cemented by quartz. Crossed nicols.
Horizontal field of view approximately 2.1 mm.
Figure 4b. photomicrograph of a portion of the sandstone 
dominantly cemented by dolomite and calcite. Crossed 
nicols. Horizontal field of view approximately 2.1 mm.
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presence of euhedral pyrite crystals replacing quartz 
grains in the sandstone. The presence of several feldspar 
grains as euhedral laths indicates authigenic feldspar 
growth. All feldspar grains in the sandstone are altered. 
The feldspars are embayed and contain numerous calcite- 
filled voids. It is uncertain whether calcite is 
replacing the feldspar or if the feldspar has experienced 
some dissolution and calcite was precipitated into the 
resultant voids. The presence of small quantities of clay 
in the intersticies of the sandstone suggests that some 
feldspar dissolution occurred (Shanmugam, 1985).
The sandstone has also undergone diagenetic compaction. 
Pressure solution of the quartz grains is indicated by 
sutured contacts between some quartz grains (Blatt, 1979). 
Studies by James and Porter (1985) indicate that coarse­
grained sandstones have to be buried to a considerable 
depth or subjected to high temperatures before pressure 
solution occurs. Considering the coarse-grained texture 
of the Wood Creek sandstone, pressure solution of the sand 
probably occurred during late diagenesis.
In summary, the diagenetic history of the basal 
sandstone of the Helena Formation appears to be as follows:
1. cementation by quartz overgrowths
2. carbonate cementation
3. Dissolution or replacement of feldspar
4. Quartz dissolution by compaction
22
Formation of authigenic pyrite probably occurred 
concomitant with cementation of the sandstone. The above 
diagenetic sequence identifies the major processes ; there 
may have been more which are undiscovered.
Helena Formation above the basal sandstone
The lower part of the Helena Formation, above the basal 
sandstone, consists of dolomitic shale and siItstone and 
thin beds of dolomite. Several discontinuous beds of 
sandstone less than 8 centimeters thick are present in the 
lower 30 meters of the Helena Formation. These sandstones 
are similar to the basal sandstone described above. 
Authigenic pyrite is present in trace amounts throughout 
the lower Helena Formation. Small stromatolite mounds and 
molar tooth structures are present in the dolomite beds. 
Desiccation cracks and mudchip breccias in the lower 
Helena Formation indicate deposition in a shallow water 
environment subjected periodically to drying.
The middle part of the Helena Formation contains thin 
beds of dolomitic shale and thick beds of dolomite.
Shallow water features such as mudchip breccias, 
stromatolite colonies and thin oolite beds are common. 
Several beds of dolomite contain salt-crystal casts 
reflecting an arid evaporitic environment. The upper part 
of the Helena Formation contains beds of dolomite, 
dolomitic siItstone and shale and dolomitic limestone. 
Cyclic sequences similar to those described by Eby (1977)
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are present in the upper Helena Formation. These cycles 
include from the bottom up; thin beds of siltstone or 
shale - dolomite - stromatolites in dolomite - mudchip 
breccias and oolites.
SNOWSLIP FORMATION
The Snowslip Formation is poorly exposed in the study 
area except northwest of Deer Creek (Plate 1.). The 
formation is 150 meters thick and is intruded by a 90 
meter thick diorite sill. Where exposed, the base of the 
Snowslip is marked by discontinuous beds of coarse­
grained , poorly sorted arkosic sandstone ranging in 
thickness from 1 to 15 centimeters. The sandstone 
contains intraclasts of green-grey dolomitic siltstone and 
silty dolomite. Angular grains of orthoclase comprise 
approximately 10% of the sandstone. Presence of 
composite, semi-composite and veined quartz grains in the 
sandstone suggests a metamorphic source terrane (Scholle, 
1979). All feldspar in the arkosic sandstone is altered. 
Calcite now fills voids in the feldspar grains.
The arkosic sandstone is over lain by siltstone and 
fine-grained sandstone that comprise the rest of the 
Snowslip Formation. Within 30 meters of the diorite sill 
sedimentary rocks are metamorphosed to siltites and 
quartzites.
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SHEPARD FORMATION
Only the lowest portion of the Shepard Formation was 
mapped in the study area. This portion of the Shepard 
consists of limestone, dolomite, and calcareous siltstone 
and fine-grained sandstone.
IGNEOUS ROCKS
A 90 meter thick diorite sill intruded the Snowslip 
Formation in the study area. Southeast of Benchmark 
Airfield, the diorite cuts bedding and extends down into 
the Helena Formation. The sill of Late Precambrian age 
(Mudge and others, 1968) consists of 40% plagioclase, 30% 
clinopyroxene, 20% hornblende, 2% granophyre and 2-3% 
pyrite and magnetite.
The diorite sill has undergone some propylitic 
alteration. Clinopyroxene and hornblende in the diorite 
are partially altered to chlorite and actinolite; 
feldspars are partially altered to sericite. The sill 
contains no visible lead or zinc mineralization. 
Geochemically, the diorite contains 29 parts per million 
(ppm) lead and 118 ppm zinc. Diorites from various 
localities throughout the world average 10 ppm lead and 70 
ppm zinc (Wedepohl, 1970). The lead and zinc content of 
the diorite sill at Wood Creek falls within Wedepohl's 
range of diorite lead and zinc values.
25
STRUCTURE
The Wood Creek area lies within the structurally 
complex Montana Disturbed Belt (Figure 1.). Numerous 
northwest trending thrust faults of Late Cretaceous to 
Eocene age are mapped in the study area. More faults 
exist in the area, but are unmapped due to poor exposure 
and scale limitations. Variations of the apparent 
thicknesses of sedimentary formations are probably due to 
unmapped folding and thrust faulting within the 
format ions.
The dominant structure in the Wood Creek area is the 
Eldorado thrust fault which places proterozoic Belt rocks 
over Paleozoic and Mesozoic strata (Plate 1.). Red and 
Green siItstones of the Spokane Formation form the sole of 
the Eldorado thrust fault. Lateral displacement on the 
Eldorado fault is estimated by Mudge (1972a) to be 6 to 10 
kilometers. Movement on the thrusts is from west to east. 
Northwest of Benchmark Airfield small thrust faults repeat 
sections of the Belt sediments. In this area the 
mineralized sandstone is repeated up to three times (Plate 
1. ) .
Near Benchmark Airfield a northeast trending normal 
fault with about 25 meters of displacement cuts the 
mineralized sandstone. Extensional faulting in the Wood 
creek area is of Tertiary age and formed subsequent to the 
thrust faulting (Mudge, 1972a). No large folds were
26
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mapped in the study area, but small scale folds are 
common, especially near thrust faults (See adit map, Plate 
1 . ) .
The mineralized sandstone of the Helena Formation 
contains numerous small faults and fractures. Most of 
these fractures and faults are filled with calcite. Some 
fine-grained interbeds in the sandstone acted as glide 
planes during thrusting and subsequently were altered to 
sericite and clay fault gouge.
PALEOGEQGRAPHIC SETTING
ENVIRONMENT OF DEPOSITION
A cross-section of the Belt Basin from west to east by 
Harrison (1972) shows that the Precambrian sediments in 
the Wood creek area were deposited on the eastern shelf of 
the Belt Basin. Lithofacies at Wood Creek indicate the 
shelf was tectonically stable during deposition of the 
Helena Formation. All Belt formations thicken dramati­
cally to the west of Wood Creek, towards the axis of the 
Belt Basin (Harrison, 1972; McGill and Sommers, 1967; 
Mudge, 1972). The thinness of the formations at Wood 
Creek suggests Belt sediments were deposited near the 
eastern margin of the basin. The Helena Formation in the 
Wood Creek area was deposited in a shallow water carbonate 
environment (McKelvey, 1968). The Helena is replete with 
shallow water depositional features. Stromatolite 
colonies, mudchip breccias, desiccation cracks and oolites 
characterize the Helena Formation. Salt-crystal casts in 
the Helena indicate deposition in an arid environment.
The coarse-grained sandstone at the base of the Helena 
Formation was probably deposited as a near shore sand, 
possibly as part of a beach complex. The presence of 
moderately to well sorted grains, oolites, low angle 
bidirectional cross-stratification, intraclast-lag 
conglomerates and oscillation ripple marks in the 
sandstone indicate wave agitated sedimentation (Elliott,
28
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1978). The fine-grained interbeds of the sandstone may 
represent deposition in localized mudflats or lagoons. The 
basal sandstone of the Helena Formation is similar in 
character, for example, to the shoreline facies of the 
Pliocene Ridge Basin, California (Link and Osborne, 1978).
Limited paleocurrent data (Section 4, Plate 2) coupled 
with the axis measurement of symmetrical ripples in the 
sandstone suggests the paleo-shoreline had a northwest- 
southeast orientation. A Cross-section from east to west 
of the Helena Formation by McKelvey (1968) shows the 
basal sandstone of the Helena Formation is restricted to 
the eastern margin of the Belt Basin. The sandstone 
facies pinches out to the west of Wood Creek.
Lack of Belt exposure prevents mapping the lateral 
extent of the sandstone to the northwest or the southeast 
of Wood Creek. Approximately 145 km north of Wood Creek 
near Marias pass and in Glacier National Park, the basal 
sandstone of the Helena Formation is exposed. At these 
localities the sandstone is felspathic, unmineralized and 
ranges in thickness from 1 to 3 meters. Approximately 70 
km. south of Wood Creek, near Rogers pass, the basal 
sandstone of the Helena is reported as lenses less than 1 
meter thick and 60 meters long (Earhart and others, 1977). 
The sandstone in this area locally contains minor 
disseminations of galena, sphalerite, and occasionally 
argentiferous bornite (Earhart and others, 1977).
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The Spokane and Empire formations were probably 
deposited in a mudflat environment (Whipple, 1980).
Mudchip breccias and desiccation cracks in the Spokane 
Formation indicate shallow water deposition. The absence 
of desiccation structures in the Empire Formation implies 
that the Empire Formation was a slightly deeper- water 
facies of the Spokane Formation.
BASEMENT ROCKS
Precambrian basement rocks are not exposed near the 
Wood Creek area. The presence of K-feldspar, 
semicomposite and composite grains in the stratigraphie 
column suggests the coarse-grained sediment source was a 
metamorphic terrane of granitic composition east of the 
Belt Basin. Sialic, high rank metamorphic basement rocks 
are exposed approximately 150 kilometers southeast of Wood 
Creek (Wehrenberg, 1983) and have been penetrated by wells 
drilled in the Sweetgrass Arch area (Mudge, 1972). 
Presumably these same rocks occur under the phanerozoic 
rocks east of Wood Creek.
LEAD AND ZINC MINERALIZATION
DISTRIBUTION AND AREAL EXTENT
The lead and zinc mineralization in the Wood creek area 
is contained in the basal sandstone of the Helena 
Formation. Mineralization in the Wood Creek area has a 
strike length of about 7.5 kilometers. The host sandstone 
is covered to the southeast of Benchmark Airfield and 
truncated by thrust faults northwest of Deer creek (Plate
1.). Mineralization is stratabound but not stratiform. 
Figure 5 shows the presence and distribution of lead and 
zinc in four sections of the basal sandstone. Location of 
the sections is shown on Plate 1. Details of the 
stratigraphy of each section are presented on Plate 2.
Lead and zinc mineralization is most intense in 
outcrops of the sandstone west of Benchmark Airfield 
(Figure 5 sections 1, 2 & 3). Here, the mineralized 
sandstone is explored by a 25 meter long, partially caved 
adit and several prospect pits all of unknown vintage. In 
the vicinity of the adit, outcrops of the sandstone 
generally contain mineralization throughout the entire 
thickness of the sandstone. Elsewhere in the map area 
outcrops of the sandstone contain sparse but visible 
mineralization (Figure 5 Section 4). In these outcrops 
mineralization is generally restricted to the lower 
portion of the sandstone. Within the sandstone, vertical 
variation in the mineralization is much greater than
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Figure 5, Distribution of lead and zinc in four sections of the basal 
sandstone of the Helena Formation, Wood Creek area, Montana.
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horizontal variation. Lateral contacts between 
mineralized and unmineralized sandstone are diffuse. In 
contrast, vertical contacts are sharp. In places, 
sandstone with 4 to 5 percent galena and sphalerite is in 
sharp contact with virtually unmineralized sandstone.
MINERALOGY AND GRADE
Sulfide and metal-bearing minerals in the basal 
sandstone include sphalerite, galena, pyrite, cerrusité 
and pyromorphite, Sphalerite is honey-colored indicating 
low iron content. Sphalerite and galena generally fill 
interstices between detrital quartz grains. pyrite is 
present as interstitial fillings and as euhedral crystals, 
probably of diagenetic origin , Cerrusite is rare and 
occurs as tabular crystals in the sandstone. pyromorphite 
forms thin yellow and green coatings on fractures in the 
sandstone where galena mineralization is most intense. 
Cerrusite and pyromorphite are products of oxidation of 
the lead-bearing sandstone.
Overall, the lead and zinc grade of the sandstone is 
low. The occurrence has a lead to zinc ratio of 1:2, The 
highest grade sample collected contained 3.6% combined 
lead and zinc. This grab sample was collected in the 
exploration adit. Most samples of the mineralized 
sandstone contain less than 2% lead and zinc (See appendix 
for geochemical analyses). Silver content of the 
sandstone on the average is less than 1 ppm. Silver
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values are usually highest where the lead content is high. 
Copper content in the sandstone is variable but does not 
exceed 51 ppm in any one sample.
MINERALIZATION TEXTURES AND PETROLOGY
The most common texture of the mineralized sandstone is 
that of sulfides occurring as subrounded spots averaging
0.3 to 0.5 cm in diameter (Figure 6.). The spots are 
often somewhat evenly distributed over small areas of the 
sandstone. Where sedimentary structures such as bedding 
planes are present, the positions of the sulfide spots 
conform to these structures. Low angle cross-beds in the 
sandstone are commonly outlined by galena and sphalerite 
spots (Figure 7.).
Less commonly, sulfides occur as fine disseminations in 
small portions of the sandstone. The fine disseminations 
are often concentrated along sedimentary structures such 
as cross-beds (Figure 8.). Sulfide bands up to 2 
centimeters thick are common below oxidized portions of 
the sandstone. Oxidized layers up to 3 cm thick are 
located in the sandstone immediately below dolomitic shale 
interbeds (Figure 9). Sulfides have been leached from the 
oxidized zone. The sulfide bands have sharp upper 
contacts with the leached zone and diffuse lower contacts 
with the mineralized sandstone. The sulfide bands are 
probably the combination of primary mineralization with 
supergene enrichment below the leached zone.
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Galena and sphalerite occur together and exclusive of 
each other in the mineralized portions of the sandstone.
In a 20 cm interval of sandstone, low in section 3, a 
galena-rich section is in sharp contact with an underlying 
sphalerite-rich section (Figure 7,). The differently 
mineralized portions of the sandstone are texturally and 
compositionally indistinguishable.
In polished thin section, sulfides occur primarily as 
interstitial growths between corroded quartz grains 
(Figure 10.). Calcite and dolomite cement and pyrite are 
replaced by galena and sphalerite (Figure 11.). Quartz 
grains are partially replaced by sulfides. Quartz grains 
are etched to a greater degree by sphalerite than by 
galena. Dolomite intraclasts in the sandstone are 
commonly partially replaced by sphalerite, pyrite and to a 
lesser degree by galena. Sphalerite patches are seldom in 
contact with galena patches. Where galena and sphalerite 
are in contact, no unequivocal paragenetic relationship 
could be established.
An important control on mineralization in sections 1,
2, and 3 is the extent to which the sandstone was cemented 
by quartz. portions of the sandstone completely cemented 
by quartz contain virtually no mineralization. In 
contrast, mineralization occurs where quartz overgrowths 
are absent or only partially have filled pore spaces in 
the sandstone. The effects of the different types of
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Figure 6. Spots of galena in the sandstone.
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Figure 7. Galena and sphalerite along low angle cross­
beds in the sandstone. Dark spots are galena; light brown 
spots are sphalerite.
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Figure 8. Disseminations of galena, sphalerite, and 
pyrite along cross-bedding in the sandstone. Note, 
fractures and faults in the sandstone cut and displace 
mineralization.
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Figure 9. Band of sulfides below an oxidized surface in 
the sandstone.
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Figure 10. Plain light photomicrograph of sphalerite 
interstitial to corroded quartz grains. Sphalerite is 
dark brown to black. Horizontal field of view 
approximately 2.1 mm.
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Figure 11. Reflecting light photomicrograph of rhombs of 
dolomite replaced by galena. Galena is the bright white 
mineral. Brass colored pyrite in upper part of photo is 
partially replaced by galena. Horizontal field of view is 
approximately 1.1 mm.
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cements in the sandstone on mineralization is best 
illustrated in Section 1 on Figure 5. The portion of the 
sandstone that is dominantly cemented by quartz, as 
determined by polished thin section analysis, corresponds 
with the low lead and zinc values near the middle of the 
sandstone section. The low zinc values near the middle of 
Section 3 (Figure 5) also correspond with quartz 
cementation. The sparse distribution of lead and zinc in 
Section 4 is not controlled by quartz cement.
The paragenetic sequence of mineralization with respect 
to carbonate cement in the sandstone is not clear. Some 
dolomite and calcite cement is enclosed and replaced by 
sulfides and therefore predates mineralization. The 
mineralizing solutions may have dissolved most of the 
primary carbonate cement except that carbonate which was 
surrounded by sulfides. Much of the carbonate cement now 
present in the sandstone has filled pore spaces around 
sulfides and therefore probably postdates mineralization.
STRUCTURE AND MINERALIZATION
In the Wood Creek area the mineralized sandstone is 
faulted, folded and fractured. Faults and fractures 
within the sandstone are unmineralized except for small 
areas of obviously remobilized sulfides. Mineralization 
in the sandstone is clearly cut by extensional faults 
and fractures, which are probably post Late Cretaceous 
to Early Tertiary thrust faulting (Figure 8 and 12.).
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Figure 12. Mineralization offset by a fault in the 
sandstone.
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Deformed patches of galena further indicate that 
mineralization predates faulting. Where sections of the 
sandstone have been repeated by thrust faults, the 
distribution and texture of the mineralization is similar 
from one thrust sheet to another. This similarity 
strongly suggests that the mineralization is cut by and 
therefore predates the Late Cretaceous to Early Tertiary 
thrust faults.
METAL ZONATION
Metals in the sandstone at Wood creek are not well 
zoned. An upward increase in zinc relative to lead occurs 
in the lower half of the sandstone in all sections (Figure 
5.). Zonation of other elements was not identified.
PARAGENESIS
Based on the data, a simplified paragenetic sequence 
for the mineralized sandstone is as follows:
1. Deposition of the sandstone
2. partial cementation of the sandstone, first by quartz 
and then by carbonate, and the formation of diagenetic 
pyrite.
3. Mineralization - dissolution of carbonate and 
precipitation of sphalerite, galena and pyrite within the 
sandstone.
4. Secondary carbonate cementation.
5. Late Cretaceous to Early Tertiary thrust faulting and
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Tertiary normal faulting.
FLUID INCLUSIONS 
A Study of fluid inclusions in sphalerite from Wood 
Creek was conducted by Fluid Inc., Denver, Colorado. The 
inclusions were found to be broken or too small for study
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ISOTOPIC COMPOSITIONS
LEAD ISOTOPE RATIOS
The isotopic composition of the lead in the basal 
sandstone of the Helena Formation was determined by Mudge 
and others (1968). The isotopic composition of the lead 
is shown on Table 1.
The isotopic composition of the lead from Wood Creek is 
similar to lead in the Coeur d'Alene district, Idaho and 
in the Sullivan Mine, British Columbia (zartman and 
Stacey, 1971). The model age of the Wood Creek lead is 
Precambrian (Faure, 1977). Using plots for phanerozoic- 
aged lead by Doe and zartman (1979) the lead isotope 
ratios in galena at Wood Creek indicate a cratonic crustal 
source for the lead.
CALCITE CARBON AND OXYGEN ISOTOPES
Carbon and oxygen isotopic compositions of calcite were
determined by the United states Geological Survey, Menlo
13
Park, California. The S c values are reported relative to 
18
PDB and the S 0 values relative to SMOW. Samples of 
calcite in mineralized sandstone, calcite in unmineralized 
sandstone, calcite on fractures in the sandstone, and 
calcite from the Helena Formation 10 meters above the 
mineralized sandstone were taken. The results are listed 
in Table 2.
As shown by Table 2 all calcites in the basal sandstone
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TABLE 1. Isotopic composition of lead from the basal sandstone
of the Helena Dolomite, Wood creek area, Montana.
SAMPLE Pb206/
204
Pb207/
204
Pb208/
204
Pb206/
207
Pb206/
208
125A 17.11 15.75 37.42 1.0864 .4573
110 16.57 15.61 36.73 1.0609 ,4511
127B 16.56 15.50 36.41 1.0687 ,4549
Bu-20 17.15 15.86 37.51 1.0813 .4571
From Mudge and others, 1968
4̂̂
00
TABLE 2. C and 0 isotope measurements from Wood Creek calcites
SAMPLE TYPE #
18 
S 0 (SMOW)
13 
B C (PDB)
Calcite with mineralization 2-7
3-147
+ 20.0 
+22.3
-3.2
-3.6
Calcite without mineralization 2-13
4-26
+21.4
+18.9
-2.58
-4.0
Calcite on fractures 2-8 +20.4 -3.6
Calcite from Helena Formation H +26.4 -0.4
1̂
VO
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are similar in carbon and oxygen isotopic composition.
Isotopic composition of the calcite on fractures is
similar to that in pores of the sandstone. This
similarity suggests that little fractionation of oxygen or
carbon occurred from the sedimentary calcite to calcite
coating fractures in the sandstone. Alternatively, it may
indicate that much of the calcite in the sandstone has the
same origin as calcite coating fractures in the sand and
therefore may be supergene in origin.
Using plots by Rye and others (1983) the carbon and
oxygen isotope composition of calcite from Wood Creek are
18
slightly enriched in 0 compared to most other Belt
Supergroup carbonates. The calcites in the basal
18 13
sandstone are depleted in O and C compared to calcite
in the Helena Formation above the sandstone. The calcite
in the Helena Formation above the sandstone plots close to
the carbon and oxygen isotope range established by Rye and
others (1983) for 1.0 billion year old marine carbonates.
18 13
The depletion in 0 and C of calcites in the basal 
sandstone compared to that of the marine carbonate in the 
Helena suggests that the sandstone was flushed with water 
isotopically lighter than marine water. conceivably, 
continentially derived water flushed through the near­
shore deposited basal sandstone of the Helena Formation.
SULFUR ISOTOPE COMPOSITION OF GALENA AND SPHALERITE
Sulfur isotope compositions of galena and sphalerite
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from Wood Creek were determined by Dr. H. Roy Krouse,
Department of Physics, University of Calgary from samples
prepared by me. Galena and sphalerite were separated from
quartz and carbonate with the use of heavy liquids.
Galena was separated from sphalerite by use of the Franz
electro-magnet. Complete separation of galena from
34
sphalerite was not achieved. The S S values for three
samples are listed on Table 3.
Sulfur isotope values from Wood Creek indicate that
biogenic reduction of seawater sulfate was probably the
dominant source of sulfide sulfur (Ohmoto and Rye, 1979).
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Plotting the difference in the S S values of coexisting 
galena and sphalerite on a fractionation curve (Ohmoto and 
Rye, 1979) reveals a formation temperature in excess of 
300* C. Considering the geology, a 300* C formation 
temperature is unreasonable. Either the minerals were 
not deposited in isotopic equilibrium or contamination of 
the samples resulted in skewed results. Contamination of 
the galena sample with sphalerite and vice-versa due to 
incomplete separation in the lab is the most probable 
explanation.
TABLE 3. Sulfur isotope values of Wood Creek galena and 
sphalerite.
SAMPLE SULFIDE r 34S
1-29 GALENA +11.2
2-29 GALENA +12.5
3-146 GALENA +13.5
3-146 SPHALERITE +15.5
cnK>
DISCUSSION
TIMING OF MINERALIZATION
Timing of mineralization at Wood Creek is not well 
constrained. Mineralization is faulted and therefore 
predates Late Cretaceous to Early Tertiary faulting in the 
Wood Creek area. Timing of mineralization with respect to 
diagenetic alteration in the sandstone is not clear. 
Absence of mineralization in the quartz-cemented portions 
of the sandstone is compatible with quartz cementation 
followed by mineralization. The depth of burial in which 
quartz cementation occurred in the sandstone is unknown. 
Studies by Blatt (1979) indicate that the bulk of quartz 
cementation of sandstones may occur at depths of less than 
a few hundred meters.
Replacement of dolomite and calcite cement by sulfides 
in the sandstone indicates the mineralization at Wood 
Creek postdates at least partial carbonate cementation of 
the sandstone. Establishing a depth or time of carbonate 
cementation in the sandstone is not possible. cementation 
by carbonate is a common diagenetic process which can 
occur over a wide range of conditions in sandstones (Blatt 
and others, 1980). To what extent the sandstone was 
cemented by carbonate before mineralization took place is 
unknown. Most of the initial carbonate cement may have 
been dissolved by the mineralizing solutions. Much of the 
carbonate cement now present in the sandstone has filled
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in pore spaces around sulfides and therefore probably 
postdates mineralization.
No paragenetic relationships could be established 
between mineralization, feldspar alteration and pressure 
solution in the sandstone.
In summary, the emplacement of lead-zinc mineralization 
in the sandstone may be diagenetic or epigenetic. Timing 
of mineralization is only constrained to the extent that 
it postdates partial quartz and carbonate cementation and 
predates Late cretaceous to Early Tertiary faulting.
MINERALIZATION CONTROLS
Galena and sphalerite mineralization within interticies 
of the coarse-grained sandstone indicates that permeability 
and porosity was a major control of mineralization.
Although the sand was partially cemented prior to 
mineralization, it must have retained some degree of 
permeability. More important, the ability of the 
mineralizing solutions to react with carbonate most likely 
created a secondary porosity and permeability in the 
carbonate cemented portions of the sand (Hayes, 1979).
Small portions of the sandstone, totally cemented by 
quartz, were nearly impervious to the mineralizing 
solutions.
Mineralization was strongly controlled by reductants in 
the sand and the presence of reduced sulfur which caused 
precipitation of sulfide minerals. Diagenetic pyrite and
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organic material were probably the dominant reductants at
Wood Creek. Reduced sulfur in the sandstone may have been
present as biogenic H S or derived from diagenetic
2
pyrite. An increase in the pH of the mineralizing 
solutions due to reactions with carbonate in the sand also 
may have caused sulfide deposition (Anderson, 1973)
GENESIS
No evidence at Wood Creek unequivocally points to a 
certain genetic process for the emplacement of lead and 
zinc into the sandstone. The data support mineralization 
by solutions migrating through the sandstone during or 
after diagenesis.
A syngenetic origin for the lead and zinc at Wood Creek 
is improbable. The replacement of carbonate cement by 
sulfides and the limiting of mineralization by quartz 
cementation indicate post syngenetic mineralization. The 
host sandstone was deposited in a moderate to high energy 
environment. These depositional hydrodynamics do not 
favor the concentration of syngenetic mineralizing r 
solutions (Meyer, 1981).
An igneous origin for the mineralization at Wood Creek 
is also unlikely. The only igneous rock present is a 
diorite sill located more than 200 meters stratigraphically 
above the mineralized sandstone. The sill contains no 
lead-zinc mineralization. sedimentary rocks in contact 
with the sill are unveined and unmineralized. The
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absence of moderate to high temperature alteration and 
mineralized veins in the sandstone also argues against an 
igneous origin for the disseminated lead and zinc.
Mineralization at Wood Creek was probably due to metal- 
bearing solutions migrating through the sandstone. Two 
models which satisfy this process are 1.) a basin brine 
model and 2.) a groundwater model.
Basin brine model
A basin brine model similar to that proposed for
Mississippi Valley-type deposits (Jackson and Beals, 1967)
may be applicable to the mineralization at Wood creek.
The basin brine model evokes the migration of mineralizing
fluids up and out of a basin and into a permeable zone
where sulfide deposition takes place. The source of the
fluids is generally believed to be from diagenetic
dewatering of sediments buried in the basin (Hanor, 1979).
These saline basinal fluids carry metals in solution until
reactants such as organic material and H S or pyrite are
2
encountered and cause sulfide precipitation.
In the basin brine model shales within the basin are 
the inferred source of the metals. Shales, especially 
black shales, within a basin are a good source for zinc, 
copper, and lead (Rose and others, 1979). Long and Angino 
(1982) have shown that warm, saline brines are capable of 
substantial leaching of metals from shales. The Belt 
Basin contains abundant shale deposited below the basal
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sandstone of the Helena Formation. Shales in the Belt 
Basin may have been dewatered by compaction due to the 
lithostatic load of overlying sediments.
The nearshore sandstone at Wood Creek would have been a 
good aquifer for brines to move through. However, it is 
not known what paths the brines used to reach the sand 
from the basin. A cross-section of the Helena Formation 
by McKelvy (1968) shows that the nearshore sand at Wood 
Creek does not extend far out into the Belt Basin. Lange 
and Sherry (1983) suggest that faults within a basin may 
act as vertical conduits for the movement of brines out of 
a basin and into a permeable sandstone. Faults of this 
type have not been recognized in the Wood Creek area but 
may exist in nearby Belt rocks which are covered by 
Phanerozoic sediments or overthrusted.
Considering shales as a source of metals in the basin 
brine model one would expect copper to be a major element 
in the resultant sulfide deposit. The Belt Basin is well 
known for it's abundance of sandstone-hosted copper-silver 
deposits (Harrison, 1972). Many workers have attributed 
the copper-silver mineralization to basin derived 
metalliferous brines (e.g. Gustafson and Williams, 1981; 
Braun and Lange, 1984). Copper is not a major element in 
the Wood creek occurrence. One interpretation for the 
absence of copper at Wood Creek is that copper may have 
become separated from the metal-bearing solutions before
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the precipitation of lead and zinc. Copper is less 
soluble than lead or zinc and therefore more influenced by 
redox conditions (Barnes and Czamanske, 1967). No 
disseminated copper occurrences which may be related to 
the mineralization at Wood Creek are known in the vicinity 
of the study area.
Groundwater model
I believe the data from Wood Creek best support the 
concept of mineralization by groundwater. A groundwater 
model for the mineralization at Wood creek is illustrated 
in Figure 13. The groundwater model (Bjorlykke and 
Sangster, 1981) calls upon the migration of metal-bearing 
groundwater from basement highs toward a basin and into a 
host sandstone where sulfide precipitation occurs.
Granitic basement rocks are the inferred source of the 
lead and zinc. According to Wedepohl (1970) an average 
granite contains 50 ppm zinc, 23 ppm lead, and 10 ppm 
copper. Eluvial deposits on a weathered granitic pediment 
are leached of metals by percolating groundwater. These 
metals are carried in solution until reactants such as 
organic material or pyrite are encountered and cause 
sulfide precipitation.
The coarse-grained nearshore sand at Wood Creek is an 
obvious aquifer for precambrian groundwater flowing from a 
basement high and through a pediment east of the Belt 
Basin. Carbon and oxygen isotope ratios of calcite in the
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Figure 13. schematic illustration of a groundwater mineralizing model 
for the Wood Creek lead-zinc occurrence. Modified from Bjorlykke and 
gangster y 1981.
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basal sandstone of the Helena Formation suggest that the 
sand was flushed by waters derived from the continent.
Lead isotope ratios from galena at Wood Creek support 
granitic basement rocks as the source of the lead. The 
1:2 ratio of lead to zinc in the sandstone at Wood Creek 
may reflect the ratios of these elements in the granitic 
basement rocks east of the Belt Basin.
In addition to the low copper content of most granites, 
weathering processes (Samama, 1973) also may account for 
the absence of copper at Wood Creek. Precambrian basement 
rocks of western Montana presumably were reduced to a flat 
plain by weathering and erosion which occurred for 
millions of years prior to the formation of the Belt Basin 
(Wehrenberg, 1983). Weathering and erosion may have 
destroyed and removed many copper-bearing mafic minerals 
in the basement rocks prior to sedimentation of the Belt. 
This would have resulted in an accumulation of lead- and 
zinc-bearing minerals in the remaining arkosic eluvial 
material on the pediment. Further weathering and leaching 
of this pediment during Beltian time would result in 
groundwater enriched in lead and zinc relative to copper.
Another possible explanation for the absence of copper 
at Wood Creek is that copper is less soluble than lead or 
zinc. Copper may have become separated from the 
mineralizing solutions prior to precipitation of lead and 
zinc.
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Complexing agents such as chloride, hydroxide, 
bisulfide or bicarbonate ions can be invoked for transport 
of lead and zinc in solution; of these chloride is 
probably most important (Barnes, 1979). Studies by 
Fishman and Hem (1976) revealed that groundwater which 
contains significant concentrations of lead is either high 
in chloride or has a low pH. Evaporation in an arid 
climate would increase the salinity of groundwater which 
would provide chloride to complex with metals. At Wood 
Creek, halite casts in the Helena Formation indicate that 
an evaporitic environment existed at least after 
deposition of the basal sandstone.
In order for groundwater to be a potential ore-forming 
solution it would probably have to contain a minimum 1-10 
ppm of the metal in question (Hanor, 1979). Most present 
day groundwater contains low quantities of dissolved 
metals. However, groundwater is capable of carrying 
metals in solution in concentrations greater than 10 ppm. 
For example, Fishman and Hem (1976) report that 
groundwater at Wilbur spring, California contains 
approximately 1,400 ppm lead. Schloderer (1985) reports 
that groundwater sampled from drill-holes in the Atacama 
Desert, Chile contains 50 ppm zinc. precambrian 
groundwater similar to that at Wilbur Spring or in the 
Atacama Desert could have carried metals in solution in 
sufficient quantities to form the type of mineralization
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found at Wood Creek.
In summary, the following conditions were probably 
necessary to form the mineralization at Wood Creek: 1) a 
granitic basement subjected to prolonged weathering in 
order to release metals from minerals ; 2) evaporation to 
increase the salinity of the groundwater thus providing 
chloride to complex with metals; 3) a permeable host rock 
containing reduced sulfur; and 4) the migration of 
groundwater through the host sediments. The relative 
tectonic stability of the eastern margin of the Belt Basin 
during the Middle Proterozoic would have allowed the above 
conditions to occur. Burial of Belt sediments and base­
ment rocks by marine sediments during Middle Cambrian time 
(Wehrenberg, 1983) would have disrupted the mineralizing 
processes. Therefore, mineralization of the sandstone at 
Wood Creek probably took place during the Precambrian.
REVIEW OF OTHER SANDSTONE-HOSTED LEAD-ZINC DEPOSITS
Disseminations of galena and sphalerite in sandstones 
comprise a geologically interesting but economically minor 
group of deposits throughout the world. The Laisvall 
Mine, in the Baltic Shield, Sweden, is probably the best 
known of all sandstone lead-zinc deposits and is one of 
Europe's leading lead producers. Low lead-zinc grade, 
small size, and disappointingly low silver values prevent 
many other known sandstone lead-zinc deposits from being 
exploited.
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In addition to the Laisvall deposit (Rickard and 
others, 1979) other sandstone lead-zinc deposits are 
located at George Lake, Canada (Karup-Moller and Brummer, 
1970), Yava, Canada (Patterson, 1979), High Rolls 
District, New Mexico (Jerome and others, 1965), Maubach- 
Mechernich, Germany (Bjorlykke and gangster, 1981), 
Largentiere, France (Samama, 1976), Morocco, Africa 
(Bjorlykke and gangster, 1981) Southeast Missouri, USA 
(Hey1, 1983) and Gabon, Africa (Caia, 1976).
Host sandstones of the above mentioned deposits range 
in age from Middle Proterozoic to Cretaceous, Early 
Paleozoic, Late Paleozoic, and Mesozoic sandstones appear 
to be especially favorable for the development of 
disseminated lead-zinc deposits. Lithofacies at each 
deposit indicate platformal sedimentation in a 
tectonically stable setting. Sedimentation of the host 
sandstones took place in shallow water basinal or 
continental fluvial environments. All the sandstones were 
deposited at or near the boundary between a sedimentary 
basin and the continent. Evaporites are common in the 
sedimentary section of many sandstone-hosted lead-zinc 
deposits.
Basement rock source for nearly all sandstone lead-zinc 
deposits are granitic in composition. Basement granites 
at Largentiere and Morocco are anomalously high in lead 
(Bjorlykke and gangster, 1981). Igneous rocks are absent
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at most sandstone lead-zinc deposits.
Mineralization in the sandstones consists primarily of 
inter St ial disseminations of galena and sphalerite. The 
characteristic spotted texture of the sulfides is common 
to most deposits (Figure 14). Mineralization in the 
deposits is controlled by permeability, porosity, position 
of paleochannels, lows in the basement topography (e.g.
Christofferson and others, 1979), and the presence of 
reactants such as organic material, pyrite, or reduced 
pore fluids in the sandstone.
Basin brine and groundwater models are most often 
proposed to explain the origin of sandstone lead-zinc 
deposits. Rickard and others (1979) favor a variation on 
the basin brine model for the Laisvall deposit. Samama 
(1973; 1976) supports a groundwater model for the 
Largentiere deposit. Gustafson and Williams (1981) favor 
the basin brine model for sandstone lead-zinc deposits in 
general. Bjorlykke and gangster (1981) prefer a 
groundwater model for all sandstone lead-zinc deposits.
From the above review it is clear that the Wood Creek 
lead-zinc occurrence is similar in many aspects to other 
sandstone lead-zinc deposits. Most workers at other 
sandstone lead-zinc deposits conclude that mineralization 
occurred prior to destruction of primary permeability in 
the host sandstone. At Wood creek, mineralization 
occurred after at least part of the primary permeability
m
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Figure 14. spotted texture of sandstone lead-zinc 
deposits. Upper photo is a handsample from Wood Creek 
(this study); lower photo is a handsample from the 
Laisvall Mine, Sweden. Laisvall sample courtesy of 
Boliden Mineral AB, Laisvall, Sweden.
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was destroyed by quartz and carbonate cementation. The 
development of a secondary porosity at Wood creek was 
probably important in allowing the flow of metal-bearing 
solutions through the host sandstone.
CONCLUSIONS
The coarse-grained quartz sandstone at Wood Creek was 
deposited as a nearshore sand along the eastern margin of 
the Proterozoic Belt Basin. The coarse-grained sand is 
sandwiched between siltstone, shale, and dolomite 
deposited in a tectonically stable shallow-water shelf 
environment.
Mineralization in the sandstone consists of 
disseminations of galena, sphalerite, and pyrite. Galena 
and sphalerite form interstial growths replacing carbonate 
cement, pyrite and quartz grains. Timing of
mineralization is only constrained to the extent that it
postdates partial quartz and carbonate cementation and 
predates Late Cretaceous through Early Tertiary faulting. 
Mineralization was controlled by permeability, probably of 
secondary origin, and the presence of reductants and
reduced sulfur in the sandstone.
The data favor a genetic model of metalliferous 
solutions moving through the sand with metal sulfide 
precipitation occurring in zones where reduced sulfur was 
present. Genetic models invoking metal-bearing solutions 
as basin-derived brines or as continental groundwaters are 
both possible explanations for the mineralization at Wood 
Creek. The data best support the concept of 
mineralization by metal-bearing groundwater which flowed 
from basement highs into the nearshore sand were sulfide 
precipitation took place.
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The following rock samples were one foot channel 
samples collected from the basal sandstone of the Helena 
Dolomite. The first number of the sample indicates the 
section from which the sample was collected. Location and 
lithology of each sample is shown on plate 2. Samples 
were preped and analized by vangeochem Limited, North 
Vancouver, British Columbia.
SAMPLE
NUMBER
Cu
(ppm)
Pb
(ppm)
Zn
(ppm)
Ag
(ppm)
Mn
(ppm)
Fe
(%)
AS
(ppm)
Cr
(ppm)
Mg
(%)
ea
(ppm)
1-24 20 11 307 .2 306 .68 7 10 .65 41
1-25 16 103 1766 .2 2886 1.74 33 33 3.39 13
1-26 51 16867 11987 1.8 1176 2.32 315 108 .88 12
1-27 35 4063 18057 1.2 612 1.25 93 117 .45 24
1-28 7 184 5367 .3 200 .55 54 152 .03 118
1-29 39 19081 17090 3.3 363 1.10 122 149 .28 16
1-30 24 11276 12829 2.2 1396 1.10 86 102 1.22 19
1-31 16 3261 6683 1.0 429 .55 70 119 .29 71
1-32 11 3286 3071 .8 356 .43 34 115 .17 89
1-33 27 332 2509 .7 2320 1.40 28 39 3.67 37
1-34 3 2 14 .1 1824 .87 4 1 6.54 27
SAMPLE
NUMBER
Cu
(ppm)
Pb
(ppm)
zn
(ppm)
Ag
(ppm)
Mn
(ppm)
Fe
(%)
As
(ppm)
cr
(ppm)
Mg
(%)
Ba
(ppm
2-21 25 410 467 .3 5633 2,39 28 36 6.12 41
2-22 29 722 2970 .6 2732 1.91 184 59 2.68 46
2-23 13 8390 3268 .5 1911 1.44 201 117 1.42 33
2-24 19 636 5854 .4 987 .96 102 130 .60 139
2-25 25 103 12385 .7 1030 .84 184 138 .62 54
2-26 17 26 8725 .4 512 .59 139 137 .25 139
2-27 25 185 4914 .6 1985 1.22 234 109 1.67 114
2-28 44 2610 3221 1.3 2942 1.57 145 53 4.31 29
2-29 31 1752 7754 .8 2562 1.56 48 74 3.48 27
2-30 24 24 12 .5 2107 1.34 87 7 3.96 15
2-31 3 5 15 ,2 1541 .90 5 8 3.05 16
00
SAMPLE
NUMBER
Cu
(ppm)
Pb
(ppm)
Zn
(ppm)
Ag
(ppm)
Mn
(ppm)
Fe
(%)
As
(ppm)
cr
(ppm)
Mg
(%)
Ba
(ppm
3-143 50 40 282 .4 449 .76 51 7 .84 53
3-144 35 185 2242 .5 4018 1.94 33 23 5.35 19
3-145 23 372 4329 .7 2538 1.54 51 29 3.23 47
3-146 30 11432 15089 1.4 1274 2.46 239 112 1.21 10
3-147 19 1720 17879 .7 1299 1.48 151 135 1.05 16
3-148 10 172 8613 .5 506 1.26 186 139 .34 41
3-149 34 373 6515 .8 168 3.00 292 150 .04 18
3-150 13 499 10929 .4 861 1.47 127 119 .61 44
3-151 17 337 18684 .4 754 .78 52 131 .55 34
3-152 24 528 13936 .5 1089 .67 13 107 1.30 45
3-153 21 16 792 .1 3088 1.44 19 17 4.71 25
3-154 2 6 12 .1 1162 .73 2 5 2.98 25
'JVO
SAMPLE
NUMBER
Cu
(ppm)
Pb
(ppm)
zn
(ppm)
Ag
(ppm)
Mn
(ppm)
Fe
(%)
As
(ppm)
cr
(ppm)
Mg
(%)
Ba
(ppm
4-17 23 837 1139 1.0 1790 1.58 22 62 1.89 56
4-18 40 3538 2672 .6 1514 1.37 15 52 1.83 124
4-19 27 924 3427 .5 1144 1.08 21 39 2.21 255
4-20 20 439 1043 .5 1136 1.31 14 33 2.04 70
4-21 15 177 579 .3 1030 .81 15 66 1.29 66
4-22 8 94 1161 .2 481 .45 14 84 .22 141
4-23 10 64 654 .2 363 .36 64 111 .13 1030
4-24 20 67 542 .6 874 .91 67 96 .44 102
4-25 37 115 615 1.6 723 1.18 193 96 .36 110
4-26 13 31 391 .4 508 .71 42 143 .21 708
4-27 23 798 1010 .8 1241 1.21 48 94 .89 58
4-28 15 320 845 .5 1765 1.54 31 42 4.27 124
4-29 21 36 242 .3 1263 1.20 14 31 2.80 64
00O
81
The following samples were rock-chip grab samples. 
preparation and analysis of the samples was the same as 
that for the channel samples.
Cu Pb zn Ag Mn Fe As Cr Mg Ba 
SAMPLE (ppm) (ppm) (ppm) (ppm) (ppm) (%) (ppm) (ppm) (%) (ppm)
DIORITE 305 29 118 .3 342 3.69 2 66 .36 79
SILL
EMPIRE 8 9 59 .1 644 2.78 9 25 1.63 111
FORMATION
HELENA
DOLOMITE
10 6 31 .2 675 .75 8 18 5.48 23
00M
